Skeletal hyperossification follows the injection of estrogen into mice1 and pigeons.5 In the female sparrow similar hyperossification occurs normally during the egg-laying season or if the ovary is stimulated to full activity by gonadotropic hormones during the non-breeding season.2 Attempts to duplicate this by the injection of estrogens have failed.2 Observations on chickens3 7 and on ducks4 indicate that either a higher dose of estrogen or a longer period of treatment might be necessary in order to bring about the osseous changes in the sparrow. In addition, the fact that the sparrow ovary produces appreciable amounts of male hormone suggested that this hormone might play some role in the laying down of bone within the marrow cavities. The present experiments were undertaken in order to test these possibilities. Since in other birds calcium and lipoid metabolism undergoes extreme alteration under the influence of estrogens,3 4, 8 this phase of the problem has also been investigated in the sparrow.
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Materials and methods Ninety adult sparrows (40 females and 50 males, of which 12 were castrated) and 6 juvenals (4 females and 2 males) received 4 graded doses of estrogen and androgent for from 2 to 10X2 weeks (see Table 1 ). In order to compare the effects of injected sex hormones and endogenously produced hormones on hyperossification, and on serum-calcium and lipoid levels, 9 adult females and 7 adult males received 15 R.U. daily of pregnant mare serum* during 10 or 23 days of the non-breeding season.
The sex hormones used in these experiments were estradiol benzoate and testosterone propionate dissolved in sesame oil in such concentration that each dose was contained in .05 cc. of oil. Injections were made twice weekly into the breast muscle. Immediately before autopsy the birds were bled by heart puncture and the bloods from several animals which had identical treatment were pooled in order to obtain sufficient serum for calcium determination. The blood was allowed to clot and then centrifuged. The serum was analyzed for calcium by Tisdall's simplification of the Kramer and Tisdall method.6 Hyperlipemia was noted by direct observation of the serum.
The femur was used routinely for study of hyperossification. One femur was split, and a gross observation was made by scraping the bone tables in order to detect spicule formation. The other femur was fixed in either Bouin's fluid or formalin, decalcified, sectioned, and stained with Dominici's combination of toluidin-blue and eosin-orange G. By this method new bone stains blue and old bone red. The condition of the reproductive tract and the color of the abdominal fat and of the liver were noted at autopsy.
The birds were fed a diet consisting of 40 per cent fine cracked grain and 60 per cent chick-growing mash. Fresh water was available for the birds at all times.
Observations
Hyperossification of the long bones of the sparrow occurred with all doses of estrogen used (Table 1 ). The degree of hyperossification and the time of its onset depended on the size of the dose and on the length of the period of administration. When 0.5 mg. of estradiol benzoate were injected weekly definite spicules of bone had begun to arise from the endosteum by the end of 2 weeks. When, however, only 0.02 mg. were administered weekly, similar osseous changes did not occur until after 7 weeks of treatment. These changes were observed in intact and in castrated adult males, adult females, and juvenal males and females. The marrow cavities of the females which received daily injections of 15 R.U. of pregnant mare serum became extensively invaded by spicules of bone within 3 weeks (Fig. 4) . The intense pigmentation of the bills of these females indicated a marked production of androgen by the ovaries * The pregnant mare serum, "Gonadin," is a highly purified preparation, and was generously supplied by the Cutter Laboratories through the courtesy of Drs. D. H. Wonder and C. Parham. The dose is expressed in terms of the ColeSaunders rat unit which is biologically equivalent to two of the international units recently established.
during the time that hyperossification was taking place. However, injections of 0.25 mg. of testosterone propionate weekly into males and females receiving weekly injections of either 0.166 or 0.02 mg. of estradiol benzoate neither inhibited nor accelerated the changes in the femurs. Moreover, when the gonads of adult males were actively producing androgen, as indicated by the maintenance of a black pigmented bill, osseous changes in the femurs appeared within 3 weeks when 0.166 mg. estradiol benzoate was injected weekly.
Histologically, the first indication that osseous changes were taking place in the femurs was the appearance of blue-staining spicules of new bone in the vicinity of the endosteum (Fig. 2) . This endosteal ossification was never observed in normal untreated females with inactive ovaries or in males, regardless of the state of gonad activity (Fig. 1) . The spicules of new bone gradually became heavier, interlaced, and finally filled the entire marrow cavity, but they were never transformed into compact bone even when hyperossification was most extreme (Fig. 3 ). Cavities filled with marrow always remained and the spicules of bone became only moderately eosinophilic. The bone was never organized into Haversian systems. Very few osteoblasts were observed along the surface of the actively growing spicules.
The serum-calcium level was markedly elevated in animals whose bones were hyperossified as a result of either estrogen administration or the intense ovarian activity induced by injections of pregnant mare serum (Table 1 ). In males with active gonads the value of serum calcium was 9.7 mg. per cent, while a value of 20.0 mg. per cent was found in females whose ovaries contained very large follicles. Values ranging from 37.2 mg. per cent to 77.1 mg. per cent were recorded in animals which had received weekly doses of from 0.1 to 0.5 mg. estradiol benzoate for from 5Y2 to 10X2 weeks. A marked hyperlipemia, as indicated by a yellow, fatty serum, accompanied the hyperossification and the high serum-calcium level. The visible lipemia in birds whose ovaries were stimulated with pregnant mare serum was associated with a much lower calcium level than when lipemia followed the injection of estradiol benzoate. The abdominal fat was bright yellow and the livers also showed a yellowish coloration in those animals in which serum hyperlipemia was evident. Histologically, the livers of these birds showed a marked fatty metamorphosis (compare Figs. 5 and 6 ). Metastatic calcification of the soft tissues was never observed. development Discussion It is clear from the above observations that hyperossification of the long bones may be produced in the sparrow by the injection of estrogen, provided sufficient amounts are used over a long enough period of time. Since the same degree of hyperossification follows the administration of 0.02 mg. of estradiol benzoate for seven weeks as follows 0.5 mg. for two weeks, the effect is roughly proportional to the amount of estrogen administered. The failure in previous experiments to obtain hyperossification in the sparrow was, therefore, undoubtedly due to the fact that the doses used were too small and were administered for a relatively short period of time.
The effect of estrogen injection on ossification and on calcium and lipoid metabolism in the sparrow agrees, in general, with the findings on other birds,3'4'5' 7 but there are certain species differences, illustrated by the fact that the amount of estrogen required to produce the effects in the sparrow was markedly greater than that required in the pigeon, especially when considered on a weight basis. Thus a 25-gram sparrow receiving 0.5 mg. of estradiol benzoate weekly showed osseous changes comparable to those of a 500-gram pigeon receiving weekly doses of 0.23 mg. of the same estrogen. The exogenous estrogen requirement in the case of the sparrow more nearly approximated that of the chicken3 and the duck. 4 It seems improbable that the ovary produces the quantity of estrogen which it is necessary. to inject in order to obtain the changes. It is much more likely that because the endogenous estrogen is produced continuously a smaller quantity can be effective. While androgen is also produced by the activated ovary, it is eliminated as a factor in influencing the osseous changes and the calcium and lipoid metabolism, because administration of testosterone propionate simultaneously with estradiol benzoate neither inhibited nor accelerated the changes which followed injection of the estrogen alone.
A comparison of the effects of estrogen administration on the sparrow with those on the mouse suggests that calcium and lipoid metabolism are controlled by different mechanisms in the two species. The mouse differs from the sparrow in the following respects: 1) testosterone propionate inhibits the hyperossification of the long bones following estrogen administration, 2) the trabecular bone encroaching upon the marrow becomes more compact and is probably organized into Haversian systems, 3) calcium levels are only slightly, if at all, elevated, and 4) visible lipemia is not observed. While it is not yet understood why estrogen has an effect on calcium metabolism in the mouse, it seems probable that in the bird control of fat and calcium metabolism by estrogen has been evolved to make egg laying possible. 4 It is of interest that when enough estrogen was injected to produce the same degree and rate of hyperossification as that occurring under the influence of the activated ovary, the calcium levels were much higher than were those produced by the activated ovary. Grossly visible lipemia was never observed unless the level of serum calcium was high, but visible lipemia was always associated with much higher calcium values following estrogen administration than when produced by the activated ovary. Sumnmry 1. When estrogen was injected into male and female sparrows in adequate doses and for appropriate periods, a skeletal hyperossification similar to that which takes place normally in females during the egg-laying season occurred.
2. The new bone originated from the endosteum, forming a trabecular network in the marrow cavity.
3. Administration of large doses of androgen neither enhanced nor inhibited the degree of osseous change resulting from administration of estrogen.
4. A rise in the serum-calcium and lipoid levels accompanied the hyperossification resulting from the action of either the injected or endogenous estrogen. 
